The ability to transfer sensorimotor skill components to new actions and the capacity to use skill components from whole actions are characteristic of the adaptability of the human sensorimotor system. However, behavioral evidence suggests complex limitations for transfer after combined or modular learning of motor adaptations. Also, to date, only behavioral analysis of the consequences of the modular learning has been reported, with little understanding of the sensorimotor mechanisms of control and the interaction between cortical areas. We programmed a video game with distorted kinematic and dynamic features to test the ability to combine sensorimotor skill components learned modularly (composition) and the capacity to use separate sensorimotor skill components learned in combination (decomposition). We examined motor performance, eye-hand coordination, and EEG connectivity. When tested for integrated learning, we found that combined practice initially performed better than separated practice, but differences disappeared after integrated practice. Separate learning promotes fewer anticipatory control mechanisms (depending more on feedback control), evidenced in a lower gaze leading behavior and in higher connectivity between visual and premotor domains, in comparison with the combined practice. The sensorimotor system can acquire motor modules in a separated or integrated manner. However, the system appears to require integrated practice to coordinate the adaptations with the skill learning and the networks involved in the integrated behavior. This integration seems to be related to the acquisition of anticipatory mechanism of control and with the decrement of feedback control.
. Furthermore, short practice protocols (Flanagan et al., 1999; Howard et al., 2008) used in the motor adaptations studies (one or two sessions in one or two days) do not allow us to observe the interactions between the adaptation mechanisms (to correct errors) and skill learning components (to achieve expert levels).
On the other hand, there are no studies on the effects of the lack of integrated practice of modular learning on the anticipatory mechanisms of motor control previously reported in visuomotor learning (Jovancevic-Misic & Hayhoe, 2009; Pelz, Hayhoe, & Loeber, 2001;  Säfstr€ om, Johansson, & Flanagan, 2014; Sailer, Flanagan, & Johansson, 2005) interpreted as a lower requirement for sensory feedback as anticipatory mechanisms are learnt (Wolpert et al., 2011) . There are also no reports on the electrophysiological correlates related to the acquisition of these anticipatory mechanisms. Other integrated (nonmodular) studies of motor learning have shown reductions or increments across motor consolidation (or motor learning stages) of the functional connectivity between electroencephalography (EEG) sensors. These changes are observed in specific frequency bands of oscillatory neural activity, mainly in the alpha, beta, and gamma (Andres et al., 1999; Babiloni et al., 2011; Classen, Gerloff, Honda, & Hallett, 1998; Deeny, Haufler, Saffer, & Hatfield, 2009; Gentili et al., 2015; Gerloff et al., 1998; Kranczioch, Athanassiou, Shen, Gao, & Sterr, 2008; Perfetti et al., 2011) . However, it is difficult to interpret these results because the sensors represent the activity of a mix of cortical structures (Delorme, Palmer, Onton, Oostenveld, & Makeig, 2012) and because there are differences in the sensors analyzed between these studies.
Despite the importance of these previous researches, to date, no study has investigated changes in anticipatory mechanisms measured by both visuomotor coordination and EEG connectivity during long time paradigms of modular learning. Moreover, from a methodological perspective, this study differs from other EEG research in that instead of analyzing channel connectivity without knowing which brain areas are involved, it first identifies the sensory and motor areas and then establishes the degree of interdependence or connectivity between these two in different frequency bands.
The purposes of this study are twofold: (a) to understand the flexibility of motor systems in compose and decompose modular sensorimotor learning in a long time paradigm, which allows us to explore adaptations and other complementary skills components; (b) to contribute to the understanding of anticipatory mechanisms related to modular learning by exploring both visuomotor coordination and the EEG connectivity between visual and motor areas. We hypothesize (a) that kinematic and dynamic skill components can be learned separately and then transferred in a combined performance after a long time practice (measured by performance, adaptations, and skill metrics) and (b) that modular learning will promote fewer anticipatory control mechanisms, which will be reflected in a lower gaze leading behavior (measured by a leading gaze rate metric) and in a more connectivity between motor and visual areas (measured by rPDC an effective connectivity metric).
To test these hypotheses, we examined motor performance, eye-hand coordination, and EEG connectivity in a bimanual interactive task with kinematic and dynamic demands during a continuous scrolling video game.
| M A TER I A LS A N D M ETH OD S

| Participants
All participants were right-handed males without neurological or psychiatric illness with normal or corrected vision. Additionally, all of them had previous experience with video games and practiced an average of 4 h/week (range: 1-8 h/week). The research data were drawn from two experiments. In the first experiment, 10 participants were included to characterize the task without perturbations (mean: 25 years old, range: 21-34 years old). In the second and main experiment, other 20 participants (mean: 23 years, range: 18-37 years) were included in the experimental learning protocol analysis with perturbations. The data from 2 of the 20 participants were excluded because they exhibited no significant changes in performance after practice, indicating that not enough learning had occurred. Therefore, 18 participants were included in the second experiment where they were randomly divided into two groups of nine-the combined and separated groups, respectively. The sample size was estimated by a power analysis with the software GPower using as a threshold a power value over 0.8. This study does not have significant statistics results with powers below 0.8. (see details in statistics descriptions below).
This study was carried out in accordance with the recommendations of the Ethics Committee of the Faculty of Medicine at the University of Chile with written informed consent from all subjects. All of them gave written informed consent in accordance with the Declaration of Helsinki. Then the protocol was approved by the Ethics Committee of the Faculty of Medicine at the University of Chile.
| Visuomotor learning task
With the aim of providing an interactive and continuous approach to the study of motor learning, we designed a video game to implement the task, employing Python and the libraries Pygame (Python Software Foundation) and Pylink (SR Research). The task was designed in a way that the participants had to learn to advance a circular cursor in 10 different path configurations, controlling the cursor position to avoid colliding with obstacles (stationary and moving) while simultaneously destroying these obstacles by shooting bullets. The participants were instructed to "advance as much as you can" and "destroy obstacles as much as you can." When the participants collided with any of the objects, the game was reset from the beginning of a new path selected randomly from the set (Figure 1 top, and Supporting Information, videos).
Each participant played the video game by controlling the gamepad with both hands. To advance, the task required learning a new kinematic rule with the left hand. The movements produced by the left thumb on the left analog stick were rotated on the screen by 908 counterclockwise ( Figure 1 , color arrows in the cross over left lever of the gamepad and on the path) such as Flanagan et al. (1999) . The participants also had to learn a new dynamic rule to destroy obstacles by manipulating the gamepad with their right thumb. An elastic resistance was added to the right analog stick of the gamepad by employing a rubber band of 1.4 3 13 cm (TheraBand Silver resistance band). The participants needed to learn to displace the stick within three position ranges, 0-15%, 15-30%, and 30-45%, of the whole range of movement in the upward direction of the right analog stick (Figure 1 , bottom left). The shot occurred when the lever returned to the center (switch) and then returned to some of the three ranges by at least 360 ms. The force equivalents of these three position ranges were 7-8, 8-9, 9-10 6 0.3 Newtons, respectively. Each position range triggers the firing of one of three different bullets, where each bullet destroys just one of three possible obstacles coded by the colors. In this way, the participants needed to match the target with the proper movement of the cursor to a specific location, thus imposing an unfamiliar rule for the dynamic movement.
| Practice design and groups
We established two experimental learning groups that were trained to perform a visuomotor task that had an advancing with a kinematic perturbation and shooting with a dynamic perturbation. The combined group had to learn both components simultaneously, while the separated group learned each motor component in separate sessions. Both combined and separated groups were initially exposed to a session consisting of 15 blocks of 90 s of integrated practice (combined) to obtain a baseline measurement with the kinematic and dynamic perturbations (from now on referred to as the integrated baseline session). A third group called the reference group performed only the same baseline measurement but without the kinematic and dynamic perturbations to obtain a usual performance value. Previous studies suggest to differentiate the adaptation and skill learning processes, where the adaptation is to recover from a lower level the usual performance in a task produced by a perturbation and the skill learning process is to improve the performance over the usual level by means of motor practice (Krakauer & Mazzoni, 2011; Shmuelof, Krakauer, & Mazzoni, 2012) . The baseline session was followed by a daily session for four days, in which the participants in the combined group continued to practice advancing and shooting simultaneously, and the separated group practiced first advancing and then shooting (or vice versa; this order was randomly balanced between participants). For the experimental learning groups, the kinematic and dynamic perturbations were always present. At day five, all participants from the combined and separated groups were evaluated during a combined advancing and shooting session (integrated test) followed by a separate advancing and shooting session (parts test). Figure 2a describes the practice design in detail. Each session (from baseline to the parts test) included from 15 to 30 blocks of 90 s (Figure 2a ). When the participants practiced only advancing, the right analog stick was inactivated to provide only the option of avoiding the obstacle blocks. When the participants performed only shooting, the left analog stick was inactivated, and the movements of the cursor were automatically controlled by the software. The automatic control moved the cursor in front of each obstacle at a constant speed, thus giving the participant 1-2 s to shoot the targets. This automatic control allows one to maintain the continuous features of the task during the shooting task alone.
| Task display and behavioral data acquisition
The video game was displayed on a 40.8 3 30.6 cm computer screen with a resolution of 800 3 600 pixels. The monitor was centrally positioned at a distance of 57 cm from the subjects' eyes. The screen background was continuously scrolling to the left at 67.2 pixels/s, with a screen refreshing rate of 56 fps. In each frame, the screen contained 12% of the whole horizontal pathway. The participants carried out the task while seated in front of the monitor. A table covered the direct eyesight of the gamepad.
The movements of the sticks of the analog gamepad (dual action TM Logitech) were recorded at 500 Hz using the Pygame library. The movements of both eyes were recorded at 500 Hz employing an EyeLink II system (SR Research) infrared head-mounted eye tracker, calibrated using a 9-point calibration procedure. The participants were asked to keep a natural upright position avoiding large rotations and movements of the head without any additional head support. Mean values of maximum advancement in the video game. Significant differences between groups were observed during the integrated test session of performance variation concerning baseline (asterisk). The green dotted line indicates the performance level without perturbations. (c) Mean values from the maximum number of continuous shooting hits per block. Significant differences between groups were observed during the first practice of the performance variation concerning baseline (asterisk). (d,e) Mean values of maximum advancement and continuous hits, respectively, evaluated in 5 block segments for the baseline and test sessions. Significant differences for advancing and hits were observed between groups during the first block of the integrated test session (asterisk), and significant differences for the combined group were observed between the integrated and part test sessions (triangle). (f) Mean number of continuous hits correlated with the maximum advanced distance. The triangles in (f) indicate the participant data at baseline, while circles depict the same participants in the integrated test. Brackets in (b-e) depict bootstrap confidence intervals [Color figure can be viewed at wileyonlinelibrary.com] difference between the first two movements (mov.1 and mov.2 in Table 1 ) after no motion periods of the left lever (identified by two consecutive speed peaks). In a static experiment in which the participants reach some external target from a central point, the biggest angle difference between the ideal trajectory and the actual trajectory is zero. However, in a nonstatic experiment (our case), in which we did not have a static target during the videogame, we used an indirect estimation assuming an ideal value computing the angle difference between the first and second movement of the reference group (without perturbations). This value included the "angle correction" (produced by the perturbation) plus the "voluntary direction changes." Therefore, closer values to the Reference group were considered as adaptation improvements. The dynamic adaptation was analyzed by the average speed of the right thumb movement during shootings (from movement onset to the first speed peak). A greater shooting speed index indicated an adaptation to the augmented resistance. Simultaneously, kinematic optimization was determined by the frequency of diagonal movements concerning the horizontal and vertical movements after the rest periods. This percentage increases when participants move the cursor in diagonal directions. Dynamic optimization was measured by the motion time on the stick during shooting attempts to get the different bullets.
An optimal shooting motion time was closer and >360 ms (software definition).
| Analysis of eye-hand movement data
The eye position data were analyzed with an automated MATLAB (The MathWorks, Inc.) procedure. First, the position signal was filtered with a fifth-order Butterworth filter (50 Hz cutoff) and then differentiated to obtain the velocity and acceleration signals (Crawford, Medendorp, & Marotta, 2004; Hinder, Riek, Tresilian, de Rugy, & Carson, 2010; Komogortsev & Karpov, 2013; Land, 2006; Salvucci & Goldberg, 2000) .
Blink signals were removed, and saccades before and after each blink were not considered in the subsequent analysis. Saccade onsets were determined automatically using velocity criteria (408/s) and acceleration criteria (cumulative frequency of velocity). Smooth pursuits and fixations were differentiated using a position dispersion criterion. The dispersion on the path was estimated for each event, so events with dispersions below 2.18 were classified as fixations, and events above 2.88 were classified as a smooth pursuit. After that, for nonclassified events, the spatial distance of three consecutive points of the eye movements was calculated. Events with 0.658 or less were classified as fixations, and more than 0.658 were classified as a smooth pursuit.
Finally, the frequency, amplitude, duration, and velocity were calculated for each ocular movement type per block.
To describe the pattern of eye movements in relation to the cursor position, we quantified the distance between the center of the cursor and the eye position for each fixation frame. The median of this distance for each fixation was calculated, and then we compared the distribution of this measure between the first and last five blocks on day one and five, respectively. For this analysis, the minimum number of fixations among all participants per day was considered.
The cursor and eye position were mixed to obtain two visuomotor This rate explores the spatial relationship between the gaze and the cursor in a shooting time window (20.3 s to 0.6 s with respect to shooting onset). When the gaze cursor distance was >18 during each time point, this event was classified as independent. In the time window, the number of independent time points was estimated to determine the independent gaze-cursor rate (independent points/all time points).
| Statistics for the performance and eye-hand movement data
Statistics were computed using an MATLAB toolbox. Central tendency and dispersion were reported by the mean and the bootstrap confidence interval of the mean from 1000 surrogates. If the distribution was not normal (by using Lilliefors's test), the median and confidence interval of the median were reported. A repeated-measures General Linear Model (GLM) was used to compare differences in session-blocks (within factor), groups (between factor) and within-between interactions (session blocks and groups) to the performance and eye-hand metrics. We typically computed statistical differences between the The effect size was determined by the partial eta squared, î p 2 5 SSeffect/(SSeffect 1 SSerror), with a range from 0 to 1, where 0 indicated no effect and 1 the maximum effect. Pearson's correlation was used to determine the correlation coefficient (r), which was used as the effect size. Additionally, G power software version 3.1.9.2 (http://www.gpower.hhu.de/) was used to estimate whether sample size was sufficient to achieve power values over 0.8. The power values of our results were computed using alpha and beta parameters of 0.05 and 0.2, respectively, plus an effect size of GLM based on the mean of the partial eta squared.
| Electroencephalographic acquisition processing of EEG data
Continuous EEG signals were recorded by employing an ActiveTwo
BioSemi electrode system using 32 scalp electrodes plus six extraocular electrodes and two electrodes in both mastoids digitized at 512 Hz.
The output impedance of each active sensor was <1 X. The electrodeskin impedance could not be measured directly because the electrodes contained a preamplifier. In the BioSemi system, every electrode or combination of electrodes can be used as the reference and is included in the offline analysis (http://www.biosemi.com/faq/cms&drl.htm).
The acquired EEG data were imported using the EEGLAB toolbox (http://sccn.ucsd.edu/eeglab/) with a bilateral mastoid reference to be processed in MATLAB. Continuous data were filtered with a high-pass filter at 1 Hz and a low-pass filter at 90 Hz; a notch filter at 50 Hz was included to remove the line noise using the function cleanline (http:// www.nitrc.org/projects/cleanline/). The events were identified using our own MATLAB algorithm, which detected the onset of gamepad movements of the left thumb (advancing events) and right thumb (shooting events) based on position and velocity criteria. Only the events without a temporal overlap of other events, 0.5 s before and 0.3 s after, were selected. For EEG analysis, we collected epochs of 2.5 s, which were extracted from 21 s to 1.5 s with respect to the onset of movement (advancing and shooting epochs). Epochs with artifacts in the channels were deleted with an automated method in EEGLAB that takes into account extreme values of potential (lV), data improbability and kurtosis of potential (Delorme, Sejnowski, & Makeig, 2007) . The data were then visually inspected to check for noise artifacts. The number of clean epochs used per session and participant for advancing was 247 6 89 and for the shooting was 137 6 45 (mean and SD).
Each dataset was further analyzed with an Adaptive Mixture Independent Component Analysis (ICA) of the data for decomposition into source-resolved activities (http://sccn.ucsd.edu/wiki/Amica). The data were then re-referenced with an average montage. Finally, the equivalent current dipole location was computed using a Boundary Element
Model of the MNI head model with the dipfit toolbox of EEGLAB.
Independent components with a location or activity related to eye movements, blinks, cardiac, or muscular noise were removed.
| Selection of independent components in the connectivity analysis
Before we could carry out an effective connectivity computation, an automated clustering algorithm was used to identify principal regions with a comparable location and event-related spectral perturbation (ERSP) activity. First, the ERSPs were estimated by computing the power spectrum over a sliding window and averaging across the data trials. To obtain the power spectrum, a sinusoidal wavelet transform (short-time DFT) was employed (Delorme et al., 2011) The specific parameters used in this MPT calculation were for smoothing, a three-dimensional Gaussian location error equal to 14 mm considering 3 standard deviations of radio (14 3 3, 42 mm), a threshold of the correlation value of 0.8 and a p value equal to .01 after the statistics of permutations with 2,000 surrogates.
| Effective connectivity analysis and statistics
Differences in effective connectivity were calculated for visual and pre- Here, we report renormalized partial directed coherence (rPDC)
because it provides a scale-free estimator that avoids arbitrary normalization by inflow or outflow, and a constant (frequency-independent) point-wise significance threshold (Delorme et al., 2011; Schelter, Timmer, & Eichler, 2009; Velu et al., 2014) . The rPDC indicates the interrelation between the two processes and the Granger causality or the direction of connectivity.
With the purpose of comparing the connectivity modulation of our two experimental groups, and between baseline and test sessions, we employed repeated measures ANOVA (analysis of variance) per sessions and groups of rPDC. ANOVA's significance thresholds of the interactions (sessions and groups) were obtained using permutations computed by shifting 2,000 times the labels of sessions and groups.
The family-wise error rate was controlled using a nonparametric clustering approach (Maris & Oostenveld, 2007) . performance, such as a significant cluster related to sensorimotor learning. These clusters are highlighted (C letter and black square).
| R E SU LTS
| Performance of separate versus combined practice
We recorded the performance for all participants on each of the kinematic and dynamic skill components of the video game task, that is, advancing and shooting. Figure 2b ,c shows the average values plus confidence intervals measured over days of practice (baseline to day 5)
for the combined group (n 5 9) and the separated group (n 5 9); the reference group (n 5 10) was only evaluated at baseline (day 1). The average values of this last group, which performed the task without perturbations, were used to estimate an approximate transition from an adaptation period to a skill improvement period.
Advancing (kinematic component) learning (Figure 2b ) was evaluated as the maximum advanced distance of each block. We observed that this learning improved significantly in a linear fashion across training days (1-4) for both combined and separated groups of participants (F (6,96) This result suggested a limitation in the composition ability of the separated group. However, when these groups were further compared in terms of advancing performance, in a separate manner (part test, decomposition ability), the combined group had a similar performance to those who learned this task separately. Additionally, the combined and separated groups transited from an adaptation period to a skill improvement period on the second practice session on day 2.
To further explore the impact of the practice design (combined and separated practice) on the composition and decomposition ability, we analyzed the advancing performance by comparing sets of 5 continuous game blocks (Figure 2d ). When performing in an integrated manner on day 5, the combined group showed a significantly greater performance than the separated group in the first set of blocks (F (1,16) 5 9.557, p 5 .007, î p 2 5 0.374), but these differences quickly subsided in the following sets (block 131 ahead). These results suggest a brief advantage of the combined practice of skill components that could be compensated by a short period of combined practice when the skill components were learned separately.
The shooting (dynamic component) learning was evaluated as the maximum number of hits achieved in the different attempts within each block of 90 s. As with the advancing learning, we observed a significant increase in hits across training days for the combined and separated groups (F (6,96) 5 21.858, p < .0001, î p 2 5 0.577). The transition from an adaptation period to a skill improvement period occurred during the second practice session for the combined group and during practice 1 for the separated group. We observed no statistical differences between the combined and separated groups in the sessions conducted on the first four days (Figure 2c ), or even for the integrated and part test sessions, except of practice 1 (F (1,16) 5 11.859, p < .003, î p 2 5 0.426). These results may suggest that the dynamic skill component was not affected by the practice design. However, when we reexamined these data by set of blocks (Figure 2e ), we observed a significant out-performance of the combined group on the first set of the integrated test (F (1,16) 5 7.934, p 5 .012, î p 2 5 0.332) although, it was equated by the separated group in the successive blocks. These
results demonstrated that, as occur during the advancing learning, shooting learned in a separate manner, was not immediately integrated but it was quickly coordinated within the same session.
We also evaluated decomposition ability during the shooting learning (part test, Figure 2e ) and observed no significant differences between groups. However, when we compared the transitions between sets, we found that the combined group exhibited a significant drop in performance between the last integrated set (block 136-140, Figure 2e ) and the first part test set (block 141-145) (F (1,16) 5 8.358, p 5 .011, î p 2 5 0.344)). Unlike advancing learning (kinematic component), the combined group had difficulties shooting objects in the game (dynamic component) when they were not in command of the cursor movement. These results implied a difficulty in decomposition ability when the participants lost kinematic control.
Finally, to test the relationship between skill components, we calculated the correlation of advancing versus shooting during baseline (day 1) and the integrated test (day 5, Figure 2f ). We found that participants who displayed good performance in one skill also showed good performance in the other, as evidenced by a significant correlation (p < .0001, r 5 .93).
These results demonstrated that both skill components (kinematic and dynamic) learned separately can then be simultaneously used in a combined manner with an early performance loss that is rapidly overcome. Simultaneously, we found that combined learning could then be employed separately, but the components depend on motor coordination differences in the participant's ability to employ them in a separated manner. Therefore, the learning of advancing and shooting components depended partially on the separated or combined practice design.
3.2 | Motor adaptation and optimization for skill improvement (Table 1) The adaptation of the kinematic component was evaluated as the motion angle difference of the cursor between two consecutive movements after no motion periods of the left lever of the gamepad. 
| Spatial and temporal relationships of gaze-cursor coordination
To characterize the impact of the practice design on visuomotor coordination, we examined the time course of the gaze-cursor distance on the screen, the gaze's spatial position on the screen and the gaze leading behavior in relation to the cursor, as the game progressed. Figure   3a shows the distribution of the distance between the cursor and gaze To quantify the transition between feedback to feedforward sensorimotor control, we first examined whether gaze led or lagged the cursor path, following the approach of Sailer et al. (2005) . Figure 3c shows the leading rate, reflecting that gaze was increasingly located before the cursor (F (1,16 Figure 3d ). Furthermore, the eye cursor relationship during dynamic learning was examined (data not shown, see explanation below). We computed the rate at which shooting events occurred with the gaze positioned far from the cursor location (>18). We found that the rate of these events did not change within sessions (F (5,80) 
8580.079).
Overall, these results suggested that the features of the gaze strategy that established an optimal visual exploration were developed independently of the practice design. However, the features of an anticipatory visuomotor coordination for kinematic control (leading rate) were better developed in the case of the combined group, which was probably dependent on the simultaneous experience of coordinate skill components.
| Spatial domains of event-related spectral perturbation (ERSP)
In this study, we conjectured that if combined and separated learning requires or employs different neuronal circuitry and resources, this would be reflected in the neuronal signals recorded by electroencephalography. Consequently, we set out to identify the EEG sources that contributed significantly to changes in the signals (Figure 4a,b) . To achieve this goal, we performed a measure projection analysis (MPA) to obtain independent component dipoles with comparable spectral perturbations and locations between all learning group participants and sessions for the baseline and integrated tests (see Methods).
The MPA results showed one pre-motor domain or cluster (red, Figure 4c ) and two visual domains (green and blue) (Supporting Information, Figure 1 ). The anatomical probability of the centroid of the red domain belonging to Brodmann area 6 (premotor and supplementary motor) was 0.36, while the probability of the centroids of the green and blue domains to be associated with Brodmann areas 19 (Associative visual V3) was 0.48 and 0.47, respectively (Table 2) .
These results demonstrated that the dipole clustering was consistent with the specific modulation of different bands ( Figure 4c) associated with advancing and shooting skill components. Additionally, we showed that the identified motor and visual domains exhibited band-specific modulation. Therefore, we used these comparable domains for further effective connectivity analysis.
| Effective connectivity
As a measure of effective connectivity, we employed renormalized partial directed coherence (rPDC) (Figure 4d ). With this computation, we estimated the connectivity between one premotor dipole and one visual dipole per participant (the most representative dipole per domain).
Figures 5 and 6 show time-frequency plots with double subtraction of sessions and groups (the first subtraction was in time (integrated test 2 baseline), and the second one was between groups (combined 2 separated group)). In both figures, there is a representative figure   ( connected to a significant cluster with an arrow) that shows the tendency to decrease the rPDC within sessions with differences between groups. Premotor to Visual analysis in the advancing epochs ( Figure 5 top) showed that the combined group had a greater decrement in rPDC than the separated group within sessions during the preparation period (20.40 to 20.16 s) in the beta-gamma transition (28-32 Hz).
Clusters 1 and 2 (C1 and C2 in Figure 5 ) correlated significantly when we compared variations in rPDC with performance (r 5 2.521; p < .026 and r 5 2.515; p < .028, respectively). In contrast, the visual to premotor direction of analysis showed no cluster with a significant correlation regarding performance. These results suggested greater independence (fewer interactions) between visuomotor cortical areas in the combined group during performance in the late learning stage (integrated test).
The connectivity results in the shooting epochs ( Figure 6 ) for premotor to visual analysis showed that the combined group had a greater decrement in connectivity by rPDC within sessions in the preparation period (20.38 to 20.22 s) for the beta band (18-23 Hz). In the execution period, the rPDC decreased to a relatively greater extent in the combined group in the beta (26-30 Hz) and gamma (35-44 Hz) bands in the two-time windows of 0.1 s and 0.3-0.6 s, respectively. The correlation coefficients of clusters 1, 2, and 3 (C1, C2, and C3 in Figure   6 top) between the variations in rPDC and performance variation were r 5 2.633 (p < .004), r 5 2.534 (p < .022), and r 5 2.648 (p < .003), respectively. For the visual to premotor analysis, during the transition from the preparation to execution period (0 s), the combined group showed a relative decrease within sessions in the theta band (4-8 Hz).
The correlation coefficient for cluster 1 (C1 in Figure 6 bottom) of variations in rPDC and performance was r 5 2.503 (p < .033). In general, the results in the shooting epochs showed that connectivity changed in both directions in different frequency bands, especially from the premotor to visual direction. The group differences suggested the use of a more anticipatory than feedback control in the combined group in the late performance, demonstrating that cortical connectivity was dependent on separated or integrated practice. The group differences of rPDC and gaze leading rate group suggest a relation between a decreasing feedback control, with an increasing anticipatory control, which was greater in the combined group. 
| D ISC USSION
In this study, we tested whether sensorimotor adaptations and skill improvements can be learned and used flexibly in a separated or combined manner. We also examined the effects of separated and combined practice on the acquisition of anticipatory mechanisms studied by eye-hand interactions and EEG visuomotor connectivity. Our study contributes to the understanding of modular learning as it was able to link behavioral outcomes with motor control mechanisms and their neurophysiological correlate.
Our findings support the first hypothesis that kinematic and dynamic skill components can be learned separately and then accurately combined, allowing skill learning. Separated practice produced similar adaptation and optimization features for advancing and shooting in comparison to combined practice. We also found that combined practice had transitory performance advantages in both skill components. This transitory advantage reveals that the transference limitation to combine sensorimotor memories is momentary and dependent on the global context or coordination of the task. Additionally, our behavioral results support a partial decomposition capacity, only for the kinematic skill (advancing). We also found support for our second hypothesis. Separate learning promotes fewer anticipatory control mechanisms (depending more on feedback control), evidenced in a lower gaze leading behavior and in a higher connectivity between visual and premotor domains, in comparison with the combined practice.
4.1 | Sensorimotor composition and decomposition as outcomes of the sensorimotor system flexibility. Differences between separated and combined learning
Behaviorally, we showed that while separated practice allows the resolution of the task when several skill components are required, some practice time is necessary to reach the level of performance of integrated practice. Other studies have also reported advantages of integrated practice for simple tasks (Peck & Detweiler, 2000; Wightman & Lintern, 1985) and more ecological tasks (Brydges, Carnahan, Backstein, & Dubrowski, 2007; Fontana, Furtado, Mazzardo, & Gallagher, 2009) . In turn, studies that explore mainly the adaptation process in short time protocols have shown the same composition limitation (Flanagan et al., 1999) . Nonetheless, these studies have also reported a partial transfer of learning from separate to combined performance, but without improvement after some trials of practice, suggesting more flexibility when skill processes are involved in motor learning during a long time paradigm design (as our design). These previous studies state that total transference should not necessarily be expected because the functional connectivity between anatomical memory sites is a limitation to integrated performance. Similarly, Howard et al. (2008) demonstrate the benefits of combining sensorimotor adaptations from separated practice for two dynamic adaptations. They reported that in the composition test (integrated test for the separated group), both hands gradually develop a cooperative interaction to perform the task (Howard et al., 2008) . We observed a similar phenomenon: after some blocks of integrated practice, the separated group achieved a performance similar to the combined group.
this limitation of sensorimotor flexibility to generalize separate learning in combined performance could be explained by a specific task context (Ingram, Flanagan, & Wolpert, 2013) . The combined practice provides a specific global context of coordination and cooperation of both hands to master the mixture of different processes of sensorimotor learning, such as adaptation, and skill learning. Overall, our data agree with the organizational principle (Briggs & Waters, 1958; Naylor & Briggs, 1963) , which proposes that a complex motor behavior requires the simultaneous practice of their skill components.
Our results also corroborate the importance of the coordination process described above. About the decompositions, the importance of the coordination process described above it is corroborated by these results. In our task, we have two levels of coordination, a simple one for the advancing skill and a complex one for the shooting skill. The participants in the combined group learned to shoot mastering the positioning of the cursor to destroy blocks, but they learned to advance regardless of the shooting skill. Then the advancing skill (related to kinematic adaptation) transfers successfully to separate performance, but shooting skill (related to dynamic adaptation) transfers only partially to separate execution. This evidence suggests that kinematic skill is more transferable than dynamic skill, but considering previous reports (Flanagan et al., 1999; Howard et al., 2008) , this may mostly reflect a task dependency or similarity factor as proposed by the task organization concept (Briggs & Waters, 1958; Naylor & Briggs, 1963) . For instance, if one adaptation is dependent on the other (temporal coordination), the decomposition will be suboptimal. In studies of motor adaptations, Flanagan et al. (1999) also reported a decomposition benefit to the kinematic adaptation but found no transfer for the dynamic adaptation. Howard et al. (2008) , however, found no benefits for the two dynamic adaptations, which were learned simultaneously. Therefore, the decomposition of subskills is dependent on the specific motor demands, for which it is difficult to divide internal models of adaptation and the temporal coordination of motor sequences.
| Visuomotor coordination as results of the acquisition of anticipatory mechanism of motor control. Differences between groups
Our study contributes to understanding the gaze strategy used in a nonstatic combined and separate learning paradigm that it is more complex than the traditional adaptation paradigms. We explored in detail the spatial eye-hand relationship in the initial and final stage of learning, and determining the establishment of an anticipatory gaze strategy from the first day that was optimized during the course of learning. Using a task that demanded the acquisition of a new visuomotor skill, Sailer et al. (2005) reported an increment in the leading gaze in the final stage of learning. Säfstr€ om et al. (2014) reported the same visuomotor specialization. This anticipatory gaze strategy supports a sensorimotor transformation for accurate programming of the movement (Crawford et al., 2004; Land, 2006) and updating of the sensory prediction of hand motor commands that resolve the timing issue of online control (Flanagan, Bowman, & Johansson, 2006) . Interestingly, we showed that during the last day, the combined group exhibited a higher anticipatory rate in the initial trials, which was quickly matched by the separated group with only five trials of practice. This significant difference could be reflecting the necessity for more instances of feedback to coordinate the kinematic and dynamic skill components when these are practiced in isolation. In this manner, once high levels of anticipatory visuomotor coordination are established, it is possible to achieve the goals of the task, as demonstrated herein by the positive correlation between the distance traveled on the path and the anticipatory behavior.
The results on the visual strategy also allow us to visualize the acquisition of skills processes mainly reflected in a strategy of forwarding positioning on the screen video game; the use of such strategy allowed participants to simultaneously solve the guide for the cursor advancing and the detection of objects' path. This strategy has been previously reported by other studies as a double focus on the environment and the effector (Flanagan et al., 2006; Hinder et al., 2010; Land, 2006; Shmuelof et al., 2012) .
| EEG effective connectivity as the neurophysiological correlates of feedback control mechanisms. Differences between groups
In our study, we linked the acquisition of anticipatory mechanisms and its neurophysiological correlates, by computing the connectivity between EEG sources. Our methodology and analysis improve the interpretation of previous reports of EEG connectivity between channels, which from an anatomical brain network perspective, have no clear interpretation. Here we improve the analysis to simplify the interpretation of the meaning of the decrements of bidirectional connectivity as measured by rPDC between EEG dipoles.
The advantage of using dipoles is the possibility of eliminating muscle neck and eye dipoles and differentiating cortical domains related to the task (Delorme et al., 2007) . Another advantage is preventing potential difficulties in terms of volumetric conduction by using connectivity between sensors (Lachaux, Rodriguez, Martinerie, & Varela, 1999) . Nevertheless, the modulation of connectivity reported herein is consistent with previous studies that have shown a similar relationship between sensorimotor learning and channel connectivity decrements (Andres et al., 1999; Deeny et al., 2009; Gentili et al., 2015; Gentili, Bradberry, Hatfield, & Contreras-Vidal, 2009 ).
In this study, we found a novel relationship between the separate and combined learning groups and their EEG features. Specifically, the performance and anticipation advantages of the combined group were related to group differences in the modulation of theta, beta and gamma connectivity between visual and motor EEG sources. Our results suggest that the combined practiced after learning had more independent activity in visual and premotor areas in these EEG frequency bands, which indicates that the combined group was less dependent on visual feedback(visual to premotor rPDC) or the efferent copy modulation of visual areas (premotor to visual rPDC) during the integrated test session. Our results also show a bidirectional modulation of the effective connectivity in some frequency bands, which is in line with previous reports of modulations of motor areas to the visual information processing (Dadarlat & Stryker, 2017; Leinweber, Ward, Sobczak, Attinger, & Keller, 2017) . The group differences in EEG connectivity can also be a result of a higher cognitive demand in the separated group that it is coordinating the advancing with shooting. The separated group was in a nonfamiliar condition during the integrated test on day 5 compared with the sessions of the first 4 days. This can be seen in the modulation of activity in the theta band related to spatial memory processing (Klimesch, Doppelmayr, Russegger, & Pachinger, 1996; Liebe, Hoerzer, Logothetis, & Rainer, 2012) . On the other hand, the modulation in the beta band has been associated with attention to the motor response (Jasper & Penfield, 1949; Toma et al., 2000) and the gamma band with general attention, memory and timing coordination (Herrmann, Lenz, Junge, Busch, & Maess, 2004; Jokeit & Makeig, 1994; Jokisch & Jensen, 2007) .
Despite our present analysis, the comparison with previous EEG connectivity literature is straightforward because, since channels are a mix of brain sources (Delorme et al., 2012) , then there is not a direct anatomical relation. Thus, from a brain network point of view, fMRI studies can help to better understand the EEG connectivity decrement found here These fMRI studies of connectivity during motor learning show increments of connectivity between motor areas with parietal subcortical areas (basal ganglia and cerebellum) and decrements with prefrontal areas (Doyon et al., 2009; Doyon & Benali, 2005; Ma et al., 2010; Toni, Rowe, Stephan, & Passingham, 2002) . However, what these FMRI studies did not explore the relation of motor areas with sensorial areas. Our results contribute with the understanding of a decrement of the connectivity between visual and motor areas, which in turn can help to establish a theoretical model of connectivity between sensorial and motor areas and to complement the understanding of traditional areas linked to motor learning such as basal ganglia, cerebellum, prefrontal, and parietal cortex. Our evidence suggests that our results reflect the modification of effective connectivity that occurs after motor learning, in which the visual and motor area seems to operate in a less dependable fashion on combined learning.
From our study, we propose a simple model for the interaction between brain areas. In this model, there are decrements of connectivity in areas related to feedback and executive control (interactions of sensorial and prefrontal with motor areas) and increments of connectivity in areas related with anticipatory mechanisms of control (interactions of parietal, basal ganglia, and cerebellum with motor areas).
| Limitations of the study
Our results are generalizable to similar task because the literature of modular learning shows different effects depending on the kind of motor task (Fontana et al., 2009 ). Also, there are different ways to decompose a motor task, such as degrees of freedom, effectors, adaptations, skills, sequences, and so forth (Klein, Spencer, & Reinkensmeyer, 2012 ), then we are contributing with the understanding of separation of motor tasks by adaptations. Our design did not include basal performance measurements for the decompositions or part tests, so that these results may be interpreted with caution.
One limitation of our EEG source analysis was a limited number of channels considered in the spatial error estimation used for the sources location computation because spatial accuracy improves with more electrodes. We used a statistical approach to compare the dipoles of different participants and sessions (Bigdely-Shamlo et al., 2013) , considering both dynamic (right thumb) and kinematic (left thumb) epochs in the time-design comparison. The false discovery rate analysis limits the clustering results to the comparable areas between groups and sessions. Then, the clustering does not identified other cortical areas reported in fMRI studies such as prefrontal and parietal areas. About subcortical areas, the EEG recording cannot detect this activity because these areas have different cortical layer organization (Kaufman, Kaufman, & Wang, 1991) . Finally, the number of epochs by trial does not allow studying the signal, segmented by blocks of five trials, as we made with performance and the gaze-hand coordination results.
| CON CL U S I ONS
We conclude that motor learning includes specific control updates and general coordination updates. The sensorimotor system can acquire motor modules in a separated or integrated manner. However, the system appears to require integrated practice to coordinate the adaptations with the skill learning and the networks involved in the integrated behavior. These integration suggest a relationship with the acquisition of anticipatory mechanism of control (measured by the gaze coordination leading rate) and with the decrement of feedback control (measured by rPDC).
These results also contribute to the theoretical models of modular organization for motor learning. Current models of modular sensorimotor learning such as Mosaic model (Haruno et al., 2001) or modularity of motor learning processes maps (Krakauer & Mazzoni, 2011) argue that the modular architecture confers flexibility and adaptability to the memory system. Participants that practiced in a separated manner were able to properly combine both skill components (kinematic and dynamic) in a future session. However, combined learning provided advantages that suggest a temporal coordinator of the skill components during this continuous task. The nature of this coordinator could be part of a reinforced circuit that contributes to select the best sensorimotor strategies (Peters & Schaal, 2008) or the inclusion of a Hebbian learning mechanism (Krakauer & Mazzoni, 2011; Tin & Poon, 2005) .
Therefore, when we learn new sensorimotor components separately, we improve motor control and perceptual skills, but we lack elements of the temporal coordination of these components. However, as demonstrated here, this limitation can be quickly overcome by some integrated practice sessions.
There are future challenges in the understanding of modular learning. First, to organize the knowledge about the different ways to separate the motor tasks and to understand what are the biological ways to separate memories modules. Second, to study the different combination of subprocesses of motor learning such as adaptations, skilled process, and Hebbian mechanisms to understand its relationships especially in complex tasks. Finally, we think that for the comprehension of modular learning, future studies need to incorporate the analysis of mechanisms of motor control and the brain networks interactions including all the relevant anatomical areas for motor learning.
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